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(54) Abstract Title 

Arrangement for mourning a turbofan gas turbl«, engine on an aircraft pylon 

|LXXr44%^^^^^^^^ .avin. an engine casing 2S on 

52 parallel to engine axis S to form a roll hinge Tnd Wnol^i T""""^ comprises a first hinge 

form a pitch hinge. The second mounting 50 compnse^rrd .nH f Jh k ^""^ Perpendicular to the axis S to 
to the axis S. The hinges 52, 54. 56, 58 are^astiTK nal S^^^^^ fourth hinges 56. 58 in planes perpendicular 
disclosed, as is an arrangement in which the fiS mSng ?s "mTe^"' ^"^ 
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At least one drawing originally filed 



wasinf rmal and the prim reproduc d here is taken from a later filed 



formal copy. 
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Fig. 9. 



2375513 

The present invention relates ho 
arrangement tor mounting a gaa turbin 

aircraff 5< gas turbine engine on an 

an aircrair'", ''I '""'"^ ^"'"^ " "-"^^^ - 

an aircraft pylon by a first counting on the core engine 

casing and a second mounting on the core engine casing Z 
example of a first mountina i , rf» 

.0 patent CP0613.4.B1 and an e ^ 

descrfh^H ■ example of a second mounting is 

described in our European patent EP0431800B1. The first 
mounting transmits thrust „ 

loads ro ■ ' ^"-"^ ^"=1 vertical 

torte load: "T"/''""" ' — " 

. pylon ^"^ " aircraft 

st.tila'rr' -""9-^ " be 

restrain ' '"""^""^ ^i'< degrees of freedom 

restraint covering translation in the x v a„a , 

roi-an™., ' y and z axes with 

rotational constraint about each axis Th= • ■ 

0 mountinn, f. f axis. The aim in these 

each^Zei^rf—rrer-a:::: - T= " 

^n^H^ ^ ^est.amed, so that component 

loads may be ca]r'nl^^^^ ^p^nt^nu 

y '-'t; calculated and ''fiah^cr'' t«^,, u 
Conventionally in the,. ^ avoided, 

i, . , . mountings each degree of freedom 

xs constrained by a system of ball ended links 

Accordingly the present invention seeks to provide a 
novel mounting lor a gas turbine engine. 
Accordingly the nr^^Q^r.*- • 

arrangement Lr^ moun^g \ gT rrb""""^ ' """"'^"^ 
aircraft turbine engine on an 

caslnr the '"^''"^ ^""'"^ "^^^"^ ^ one 

casxng, the mounting arrangement comprises at leasr 

counting for mounting the at least one 

aircraft- hh«. "® casing on the 

axrcrart, the mounting comprises at least one elastic hi 
arranged parallel to the axis of ^h. elastic hinge 

at least on. , turbine engine or 

least one elastic hinge arranged in a m 
perpendicular to the axis 9 in a plane 

lo . ''^^ 9as turbine engine the 

least one elastic hinao i y-^ne, the ac 

hinge is arranged to allow small elastic 



movements of the mounting within the fatigue limits of the 
material of the mounting. 

The at least one mounting may comprise a first hinge 
arranged parallel to the axis of the gas turbine engine and 
5 a second hinge arranged in a plane perpendicular to the 
axis of the gas turbine engine. 

The at least one mounting may comprise a first hinge 
arranged parallel to the axis of the gas turbine engine, a 
second hinge arranged in a plane perpendicular to the axis 
I of the gas turbine engine and a third hinge arranged in a 
plane perpendicular to the axis of the gas turbine engine. 

The at least one mounting may comprise a first hinge 
arranged in a plane perpendicular to the axis of the gas 
turbine engine and a second hinge arranged in a plane 
perpendicular to the axis of the gas turbine engine. 

Preferably the gas turbine engine comprises a core 
engine having a core engine casing, the mounting 
arrangement comprises a first mounting for mounting the 
core engine casing on the aircraft and a second mounting 
for mounting the core engine casing on the aircraft, the 
first mounting comprises a first hinge and a second hinge, 
the first hinge is arranged parallel to the axis of the gas 
turbine engine to form a roll hinge, the second hinge is 
arranged in a plane perpendicular to the axis of the gas 
turbine engine to form a pitch hinge, the second mounting 
comprises a third hinge adjacent the core engine casing and 
a fourth hinge adjacent the aircraft, the third hinge is 
arranged in a plane perpendicular to the axis of the gas 
turbine engine, the fourth hinge is arranged in a plane 
perpendicular to the axis of the gas turbine engine and the 
hinges are elastic hinges. 

The first mounting may be an upstream mounting and the 
second mounting is a downstream mounting. 

The first mounting may be a downstream mounting and 
the second mounting is an upstream mounting. 



The upstream mounting mav aw-; , 

I- ^ ^® adjacent an uostrpsm 

bear.„, .ousin, and t.e do»„3....™ ...^^^J^ 

downstream bearing housing. Jacent a 

The first hinge may be adjacent the core engine casina 
5 and the second hinge is adjacent the aircraft 

that ""^ configured and arranged such 

that in operation torsion of the fir..=t n,„ . • 
f, ^ . Ilrst mounting allows the 

first mounting to act as a vertical hinge 

Preferably the third and fourth hinges are parallel. ' 
enoi '-"n- engine comprises a core 

casing, the fan havina a „ ■ 

ing a fan casing, the mountlna 
arrangement comDrisea a fi^.^ un^xng 
. mprises a first mounting for mounting the fan 

casing on the aircraft, a second mounting for mounting the 

mount t^ ^ --"^n^ 

mounting the core engine casing on the aircraft, the first 

counting comprises a first hinge, a second hinge an/ a 

third hinge, the f^r-c,^ >i a 

axis of t!» " arranged parallel to the 

axis of the gas turbine engine to form a roll hinge, the 
0 second hinge is arranqed in ^ r>i 

axis of ^h ^ perpendicular to the 

axis of the gas turbine engine, the thirH h- 
i„ ^ , y cne third hmge is arranged 

m a plane perpendicular to the axis of 

enoin^ °^ ""^^ turbine 

engine, the second mounting comprises a fourth hinge 
adjacent the core engine casing and a fifth h" 

. ■ ^ ^ rirth hinge adiacent 

the Aircraft. the fourth hinge is arranged in a plane 
perpendicular to the axis of the gas turh 

fiffh h . i tne gas turbine engine, the 

fifth hinge is arranged in a nl=„. 

axis of the gas t! H- Perpendicular to the 

gas turbine engine. the third mountlna 
comprises at least one thrust strut extending from the core 
engine casing to the aircraft and the hinges are asUc 

P rlltl TT' '"^^ — 

parallel." '"'"^"^ ""^ "^'-^ ''inges are 

Alternatively the as^ 

engine and a fan. the cor ""'"^ ^ 

n, the core engine having a core enaine 
casing, the fan having a fan casina f 

y ran casing, fan outlet guide vanes 



and a nacelle, the fan outlet guide vanes extending 
radially between the fan casing and the core engine casing, 
the mounting arrangement comprises a first mounting for 
mounting the fan casing on the aircraft and a second 
5 mounting for mounting the core engine casing on the 
aircraft, the first mounting comprises the fan casing and 
the nacelle forming a unified structure, the second 
mounting comprises a first hinge adjacent the core engine 
casing and a second hinge adjacent the aircraft, the first 
10 hinge is arranged in a plane perpendicular to the axis of 
the gas turbine engine, the second hinge is arranged in a 
plane perpendicular to the axis of the gas turbine engine 
and the hinges are elastic hinges. Preferably the first 
and second hinges are parallel. 
15 The second mounting may be configured and arranged 

such that in operation differential side bending of the 
second mounting allows the second mounting to act as a 
vertical hinge. 

Preferably the gas turbine engine is a turbofan gas 
20 turbine engine. Preferably the turbofan gas turbine engine 
comprises a nacelle arranged substantially coaxially with 
the core engine. 

Preferably an A-frame connects the core engine casing 
and the nacelle, the A-frame and the second mounting are 
25 arranged in a substantially vertical plane containing the 
engine axis. 

Preferably the A-frame is arranged at an angle such 
that the radially inner end of the A-frame is at a 
different axial position to the radially outer end of the 
0 A-frame. 

Preferably the second mounting is arranged at an angle 
such that the radially inner end of the second mounting is 
at a different axial position to the radially outer end of 
the second mounting. 

5 Preferably the aircraft, nacelle, first mounting and 

second mounting form a unified structure. 



are .TTT'' ^"^ ^ ^ — 

are mounted on a pylon of the aircraft 

Preferably the pylon extends fro™ the «ing of the 
aircraft or the fuselage of the aircraft. 

' „av T ""^^ '-"^ described by 

"ay of example with reference to ^ho » 

in Which:- accompanying drawings 

Figure I Shows a turbofan gas turbine engine having a 
mounting arrangement according to the present invention 

Figure 2 is a perspective view of the mounting 
arrangement shown in figure 1. 

Figure 3 is an enlarged perspective view of the first 
mounting shown in figure 1. 

.5 mount"'"! ' " '"'"''^ perspective view of the second 
15 raountxng shown in figure 1. 

mountr^"" ' " ' perspective view of an alternative 
mounting arrangement shown in figure 1. 

Figure 6 is an enlarged perspective view of a further 
mounting arrangement shown in figure 1. 

Figure 7 is an enlarged perspective view of another 
mounting arrangement shown in figure 1 

having a mounting arrangement according to the present 

invention. ^ ^^tsi.L 

Figure 9 is an enlarged perspective view of the 
mounting arrangement shown in figure 8. 

A turbofan gas turbine engine 10, as shown in figure 
1, comprises in flow series an intake 12. a fan section U 
a compressor section 16. a combustion section 18. a turbin^ 
section 20 and an exhaust norzle 22. The turbine section 
20 comprises one or more turbines arranged to drive one or 
more compressors in the compressor section 14 via one or 
more shafts (not shown) rn^ ^ w- 

one or mnr. . ' ^urbxne section 20 comprises 

or more turb.nes arranged to drive the fan section 14 
via a shaft (not shown) Th« ^ ^ • 

snown) . The gas turbine engine 10 has an 
axis of rotation S 



20 



25 



The compressor section 16, combustion section 18 and 
turbine section 20 form a core engine 24 of the turbofan 
gas turbine engine 10. The core engine 24 has a core 
engine casing 26, The core engine 24 has an upstream 
5 bearing housing 28 and a downstream bearing housing 30. 

The fan section 14 comprises a fan rotor 32, which 
carries a plurality of circumf erentially spaced radially 
outwardly extending fan blades 34. The fan blades 34 are 
surrounded by a fan casing 36, which defines a fan duct 38. 
10 The fan casing 36 is secured to the core engine casing 26, 
adjacent the upstream bearing housing 28, by a plurality of 
circumferentially spaced radially extending fan outlet 
guide vanes 40. The fan casing 36 forms part of a nacelle 
42. 

15 The turbofan gas turbine engine 10 is mounted on an 

aircraft structure, for example the pylon 44, by a mounting 
arrangement 46 as shown more clearly in figure 2, 3 and 4 . 
The mounting arrangement 4 6 comprises a first mounting 4 8 
and a second mounting 50. The first mounting 4 8 is secured 
to the core engine casing 26 adjacent the upstream bearing 
housing 28 and the second mounting 50 is secured to the 
core engine casing 26 adjacent the downstream bearing 
housing 30. The first mounting 48 and second mounting 50 
are arranged in a plane containing the axis S of the 
turbofan gas turbine 10 and in a plane substantially 
vertically through the turbofan gas turbine engine 10. 

The first mounting 48 comprises a first hinge 52 
adjacent the core engine casing 26 and a second hinge 54 
adjacent the aircraft pylon 44. The first hinge 52 has a 
hinge line T arranged substantially parallel to the axis S 
of the gas turbine engine 10 to form a roll hinge. The 
second hinge 54 has a hinge line U arranged in a plane 
substantially perpendicular to the axis S of the gas 
turbine engine 10 to form a pitch hinge. The hinge line U 
is arranged substantially perpendicularly to the plane 
substantially vertically through the turbofan gas turbine 



eng.ne 10. The fir.t counting H is configured and 
arranged so that it con^rises an open section of low 
torsional stiffness between the first hinge 52 and the 
second hinge S. such that in operation torsion of the first 
5 mounting 48 allows the first mounting 48 to act as a 
vertical yaw. hinge around hinge line V. The first hinge 
52 and the second hinge 54 are elastic hinges. Thus in 
operation the first mounting 48 transmits vertical loads. 
Side loads and thrust loarf*? ^t-^™ ♦.u 
,a r ^"^^^ engine casing 26 

10 to the aircraft pylon 44. 

The first mounting 48. as shown in figure 3, comprises 
a fxrst end portion 70 and a second end portion 72. The 
frrst end portion 70 is secured to the core engine casing 
26 by fasteners 74. for example a bolted fastening or by 
weldrng. bonding, diffusion bonding etc. The first end 
portion 70 extends rad.ally from and axially along the core 
engine casing 26. Th*^ f i ^c*- 

y ^D. The first end portion 70 extends a 

greater distance in the ;,vi.,i ^• 

Che axial direction than the 
circumferential direction tHp i^i^^-^ 

^. . f^^st end portion 70 is 

20 thinner transversely of hho • , 

^. ^ y Of the axial direction, 

circumferentially, at the axi^n» ^• 

^. ^ ^ axially extending region 76 than 

the remainder of the first end portion 70 to form the first 
h-ge 52. The second end portion 72 is secured to the 
pylon .y. fasteners 78, for example a bolted fastening or 
.3 by .eld.ng bonding, diffusion bonding etc. The second end 
portion 72 extends transversely relative to the first end 
portion 70. The second end portion 72 extends a greater 
distance in the circumferential direction than the axial 
direction. The second end portion 70 is thinner in th 
> axial direction at the hrar,.„ , 

^ transversely extending region 80 

than the remainder of thf» <!o.-«r,x ^ _i 

the second end portion 72 to form the 

second hinge 54. 

are ^^H ''^^'^^ P-tion 72 

are ends of a single member and thus form an integral 
structure. Alternatively the first ^nH 

«;*»r-«r.H ^ portion 70 and the 

second end portion 72 may be seDar;,^« 

°y oe separate members and the 
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second end portion 72 may be secured to the first end 
portion 70 by fasteners, for example a bolted fastening or 
by welding, bonding, diffusion bonding etc. 

The second mounting 50 comprises a third hinge 56 
5 adjacent the core engine casing 26 and a fourth hinge 58 
adjacent the aircraft pylon 44. The third hinge 56 has a 
hinge line W arranged in a plane substantially 
perpendicular to the axis S of the gas turbine engine 10, 
the fourth hinge 58 has a hinge line Y arranged in a plane 
10 substantially perpendicular to the axis S of the gas 
turbine engine 10. The hinge lines W and Y are arranged 
substantially perpendicularly to the plane substantially 
vertically through and containing the axis S of the 
turbofan gas turbine engine 10. The hinge lines W and Y 
15 are parallel to each other and also parallel with the hinge 
line U. The second mounting 50 is configured and arranged 
such that in operation differential side bending of the 
second mounting 50 allows the second mounting 50 to act as 
a vertical hinge around a hinge line Z. The third hinge 56 
0 and the fourth hinge 58 are elastic hinges. Thus in 
operation the second mounting 50 transmits vertical loads, 
side loads and torque loads from the core engine casing 24 
to the aircraft pylon 44. it is also to be noted that the 
fourth hinge 58 is axially upstream of the third hinge 56. 

The second mounting 50, as shown in figure 4, 
comprises a third end portion 90 and a fourth end portion 
92. The third end portion 90 is secured to the core engine 
casing 26 by fasteners 94, for example a bolted fastening 
or by welding, bonding, diffusion bonding etc. The third 
end portion 90 comprises transversely spaced first and 
second limbs 96 and 98 arranged equi-distant from the plane 
vertically through and containing the axis S of the 
turbofan gas turbine engine 10. A third limb 100 extends 
diagonally to interconnect the radially inner end 102 of 
the first limb 96 and the radially outer end 108 of the 
second limb 98. The third end portion 90 extends 
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substantially radially from and hr-=«^ 

^ ^ ^""^ transversely of the core 
engine casing 26. The thii-H 

.h. . , . portion 90 is thinner in 

tne axial direction at the avian., 

and l^7 r.^ axially extending regions 110 

and 112 of the inner ends 102 and 106 of the first and 
5 second limbs 96 and 98 resnpr^^i i 

.H. .K . respectively than the remainder of 

the third end portion 90 to form the third hinge 56. The 
second limb 98 is sufficiently flexible in a transverse 
direction to acconunodate radial thermal expansion of the 
downstream bearing housing 30. The fourth end portion 92 
- ;7;- - pylon 44 by fasteners 114, for example 

IT TT ' -nding 
etc fourth end portion 92 extends parallel to the 

third end portion 90. The fourth end portion 90 is thinner 
m the axial direction *- tninner 

15 nfi u ^""^^^^^ the transversely extending region 

'5 116 than the remainder of the fourrh ^ ^ 

the fourth K- ""^ portion 92 to form 

the fourth hinge 58. The limbs 96, 98 and 100 are 
dimensioned to avoid bulling under compressive loads. The 
fourth end portion 92 i ^ . ine 

different i ^^^""^ P^^^" a 

0 end " "^^-^ ^^i-ci 

0 Por -n 90 is secured to the core engine casing 26. In 

particular the fourth end portion • 

portion 92 is secured to the 

pylon 44 axially upstream of ^K • 

tK.,H ^ Pstream of the position at which the 

2 ! r d to the core engine casing 

at a small angle to the radial direction. 



The third end portion Qn ^.u 

Forcion 90 and the fourth end portion 92 
a^e en.3 of a single „e^er 

rourth end portion v. 

fourth w separate members and the 

rourth end portion Q? u 

P rrion 92 may be secured to the third end 
portion 90 by fasteners, for exa,nnio u , 

hw example a bolted fastening or 

by welding, bonding, diffusion bonding etc. 

The elastic hinges 52, 54 sfi ^r^n 
control tho 1 ^ designed to 

control the elastic stress©.? ar.w 4. • . 

stresses and to minimise bendina 
moments imparted to the ^H-i«,- ■ oenamg 
4, adjoining core engine 24 and pylon 

44 structures. The f^la^i--;^ u • Fyj-on 

The elastic hinges 52, 54, 56 and 58 work 
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by elastic bending of the material of the hinges 52, 54, 56 
and 58 within the fatigue limits of the material of the 
hinges 52, 54, 56 and 58. Thus the hinges 52, 54, 56 and 
58 are joints which enable movement through small angles. 
5 The hinges 52, 54, 56 and 58 may be formed from suitable 
steel alloys, titanium alloys or higher temperature nickel 
alloys. For example the hinges 52 and 54 may be formed 
from an alloy comprising 6wt%Al, 4wt% V and the balance Ti 
plus impurities. The hinges 56 and 58 may be formed from 
10 an alloy comprising INC0718. The nominal composition of 
INCO 718 is 17 to 21wt% Cr, 4.75 to 5.5wt% Nb + Ta, 2.8 to 
3.3wt% Mo, 0.7 to 1.15wt% Ti, 0.3 to 0.7wt% Al, 0 to lwt% 
Co, 50 to 55wt% Ni and the balance Fe and minor amounts of 
C, Si, Mn, P, S and impurities. 
15 In addition to the first mounting 48 and second 

mounting 50, the primary mountings, failsafe mountings are 
provided. The failsafe mountings are arranged downstream 
of the first mounting 48 and second mounting 50. The 
failsafe mountings are of two-thirds the load carrying 
20 capacity of the first mounting 48 and the second mounting 
50 respectively. The failsafe mountings are identical to 
the primary mountings but are turned through 180° about a 
vertical axis. The failsafe mountings are secured to the 
aircraft pylon 44 by bolts through thin insulating washers 
25 and are secured to the core engine casing 26 by bolts with 
a large clearance to electrically and mechanically isolate 
the failsafe mountings in normal operation. Electrical 
cables are attached to the failsafe mountings. In 
operation, if one of the first mounting 48 and second 
0 mounting 50 fails an electrical contact is produced to 
provide an indication that one or both of the first 
mounting 4 8 and second mounting 50 have failed. 

An A-frame 60 extends between and interconnects the 
nacelle 42 and the core engine casing 26 adjacent the 
5 downstream bearing housing 30. The A-frame 60 is also in a 
plane containing the axis S of the turbofan gas turbine 10 



II 

snd in 



0 



curb . ' substantially vertically through the 

turbofan gaa turbine engine 10 and is diametrically 
opposite the second counting 50. The A-£ra„e 60 comprises 
Circu..ere„tially spaced radially inner ends S2 and I and 
an outer end 66. The radially outer end 66 is at a 
different axial position to the radially inner ends 62 and 

t e i : ''^ ""'"-^ - ^ -.^e to 

da,,, ^^^^^^ ^ ^ 

arrano d " " ^^^^^ 

arranged a plane perpendicular to the axis S and the 

The h- perpendicular to the axis s. 

The h „, 65 and 67 are parallel and the hinges 63, 65 

and 67 are parallel to the third and fourth hinges 56 and 
58. in particular the radially outer end 66 is axially 
upstrea™ of the radially inner ends 62 and 6. 

the '"'t' ^° '"^ ^he angle of 

the A-frame 60 are sel<=r-*-ow ^ ^ ^ y ^ 

th.r„,.i ^ . selected to match the axial and radial 
Lnermal and mechanir'jai r*,^ 
0 h - ,0 '"e^hanxcal movements of the downstream bearing 

radi,,> • "° """^ """^ between the 

radially inner ends and the raHi^ii 

"radially outer ends of the 
second mounting 50 and the A-frame 60. 

The mounting arrangement 46B shown in figure 5 is 
Si.r ar to the mounting arrangement .6 shown in figure 2. 
and li.e parts are denoted by li,e numerals. The mountm; 
arrangement .6B differs in that the first mounting .8 L 
arranged adjacent the downstream hearing housing 30 and the 
second mounting 50 is arranged adjacent the upstreal 
bearing housing 28 ahhii-j "iJacream 
axi,l> H Additionally, the fourth hinge 58 is 

axially downstream of the third hinge 56 

The mounting arrangement 46C shown in figure 6 is 
s ™i ar to the mounting arrangement .6 shown in'fi,.,. 
and li.e parts are denoted by li,e numerals. The luntin: 
arrangement 4 6C differs ir. ^ mounting 
f.,., ^. ^^"^^s that the first hinge 52 of the 

fj-rst mounting 48C is ad-ia^«„v . 

adjacent the aircraft pylon 44 and 
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the second hinge 54 of first mounting 4 8C is adjacent the 
core engine casing 26. 

The mounting arrangement 4 6D shown in figure 7 is 
similar to the mounting arrangement 4 6 shown in figure 2, 
5 and like parts are denoted by like numerals. The mounting 
arrangement 4 6D differs in that a first mounting 48D is 
provided on the fan casing 36, a second mounting SOD is 
provided on the core engine casing 26 and thrust struts 120 
are provided between the upstream bearing housing 32 on the 
10 core engine casing 26 and the aircraft pylon 44. 

Additionally the first mounting 48D comprises a first 
hinge 52 adjacent the aircraft pylon 44, a second hinge 54 
adjacent the fan casing 36 and a fifth hinge 53 radially 
between the first hinge 52 and the second hinge 54. The 
15 first hinge 52 has a hinge line T arranged substantially 
parallel to the axis S of the gas turbine engine 10 to form 
a roll hinge. The second hinge 54 has a hinge line 0 
arranged in a plane substantially perpendicular to the axis 
S of the gas turbine engine 10 to form a pitch hinge. The 
hinge line U is arranged substantially perpendicularly to 
the plane substantially vertically through the turbofan gas 
turbine engine 10. The fifth hinge 53 has a hinge line X 
arranged in a plane substantially perpendicular to the axis 
S of the gas turbine engine 10 to form a pitch hinge. The 
hinge line X is arranged substantially perpendicularly to 
the plane substantially vertically through the turbofan gas 
turbine engine 10 and parallel to the hinge line 0. The 
second mounting 50D is identical to that shown in figure 2. 
The thrust struts 120 may comprise elastic hinges to allow 
a small degree of movement between the pylon 44 and thrust 
120 and thrust strut 120 and core engine casing 26. 

For the arrangement shown in figure 7, combined with 
an integral fan casing 36, nacelle 42 and pylon 44, the A- 
frame 60 isolates the core engine 24 from intake loads. 
The A-frame 60 loads are transmitted directly to the 
downstream bearing housing 30 and then to the second 



20 
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mounting 50, which ar-i-c =0. 

y wnxch acts as a second A-frame, and thus 

bending of the core engine 24 is avoided Th. 
of the A-frame 60 at thi. • • Positioning 

losses and in "^"""^ aerodynamic 

losses and increases the local structural stiffness of the 
5 nacelle 49 • ^-»-Aj-xie5s or the 

42. This increases the overall stiffness of th. 
nacelle 42, pylon 44, turbofan gas turbine 

ya£> i-uroxne enaine 10 ^nr^ 
mounting arrangement 46 structure. 

The nacelle 42, A-frame 60 and seconH ™« ^ • 

ana second mounting 50 helos ^o 

" co.e engine ^^^^ ^ 

nacelle 42 round. 

and / arrangement 46E =hcwn in figures 8 

and 9. rs sr»rlar to the .ountin, arrangement 460 shown in 
frgure 7 and ii.e parts are denoted hy ii.e numerals. The 
turbofan gas turhine engine 210 has an integral .an casing 

trl:::t : " ^•'^ .anes .0 

tra s. ^^^^ ^^^^^^ 

fro. the nacelle 42 to the aircraft pylon 44 and th^ 
aircraft wing 45 Th„^ . 

.0 ™o.nti„g are elil'inated " ^"^ ""^ 

circu.ferentiall, „rt: no Llrs" to^ " """""""^ 

. . creaks to impair its hoop 

strength. A thrust reverser 219 

downstream of the fan outT ^ P^-tioned in^ediately 

reverser . """"" ^^^-t 

rever er comprises conventional blocker doors and a 
25 translating cowl. The thr„.= i- 

hioh w reverser comprises relatively 

high radius and rel^r i T,r:>i u ^ 

relatively short cascades of thrust 
reverser vanes and the thrust reverser vanes are arran" d 
at angles or 4=- i„ opposite directions to shear hrace t'he 
apertures m the nacelle 42. 

fewerT T""'"' ^^-^^ ^ of the present invention has 

prior "'"^^^^ above-mentioned 

prior art. The mounting arrangement of the present 
invention is lighter in weiaht .nw u Present 
u weight and cheaper to produce than 

the above-mentioned prior art Th« » ^- 
<: ^. mounting of the oresent 

5 invention provides continuity of structure . P^^^^^t 

aircraft pylon to the bearina h • '^^^ 

o tne bearing housings of the core engine. 
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Although the present invention has been described with 
reference to a turbofan gas turbine engine, it is equally 
possible to apply the invention to a turbojet or a 
turboprop engine. 

Although the present invention has been described with 
reference to all the mountings comprising elastic hinges, 
it may be possible to use one or more elastic hinges in 
combination with conventional mountings. 

The aircraft pylon may be a pylon of the type which 
extends up or down from an aircraft wing or it may be a 
pylon of the type which extends from the aircraft fuselage, 
for example a stub pylon which extends sideways from the 
aircraft fuselage. The pylon may be embedded in, or form 
part of the, aircraft wing. 

Each mounting comprising elastic hinges may comprise 
or more members extending longitudinally of the 
mounting. Each of the members forming the mounting may 
comprise one or more elastic hinges. The members may be 
stacked so that the elastic hinges in the members are 
arranged to define the elastic hinge or elastic hinges of 
the mounting. 



one or 
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mounting arrangement for mounting a gas turbin. 
engine on an aircraft, the oas 1:,„K- '"rbine 
leasf on= turbine engine having at 

lea3 one ca^rng. the hunting arrangement comprises at 
least one mounting for counting the at least one casing on 
the aircraft, the mounting comprises at least one elaltlc 
hinge arranged parallel to the axis of ^^^stic 
enoine or , . ° 9^= turbine 

engine or at least one elastic hinge arranged in a plane 

perpendicular to the axis of the gas turbine engine the a^ 
least one elastic hinge is arranged to allow small elaLic 
movements of the mounting within the fatigue limits of the 
material of the mounting. °' 

the at r""""' ""^^"'--^ - Claimed in claim 1 wherein 

h- turbine engine and a second 

gas :urb""" " ^ '''^"^ -^P-c^icular to the axis of L 

gas turbine engine, 

3^ A mounting arrangement as claimed m claim 1 wherein 

20 the a"r oTth""'"^^^ ' ™- -"^-^ to 

in a Plane ^"""^ ^ ^^"-"^ "^"'^ ""n9ed 

in a plane perpendicular to the axis of ,k 

engine and a third hinge arranged 

to the axis „f fH ""nged in a plane perpendicular 

to the axis of the gas turbine engine 

A mounting arrangement as claimed in claim 1 wherein 
the mounting comprises a first hinge arranged in a plane 

perpendicular to the axis «f Plane 
^ u turbine engine and a 

second hinge arranged in a Dl;,n« 

of i-K y " in a plane perpendicular to the axis 

of the gas turbine engine. 

5. A mounting arrangement as clain.ed in claixn 1 wh 
the gas turbine engine comprises a a 

core engine casino ^h ^"^^"^ "^^^^"^ ^ 

«.st mJuntinr fT/^o inT::;™""^" ^^'^ ^ 
al^craft and a second mountirfor^rtTnTthr re Z 
casxng on the aircraft, the first ''^"^ 
first hinge and a second hinge the . "Th^"' ^"'^'^^^ ^ 
parallel to the axis of the Ja^ .u b" " 

the gas turbine engine to form a 
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roll hinge, the second hinge is arranged in a plane 
perpendicular to the axis of the gas turbine engine to form 
a pitch hinge, the second mounting comprises a third hinge 
adjacent the core engine casing and a fourth hinge adjacent 
5 the aircraft, the third hinge is arranged in a plane 
perpendicular to the axis of the gas turbine engine, the 
fourth hinge is arranged in a plane perpendicular to the 
axis of the gas turbine engine and the hinges are elastic 
hinges . 

10 6. A mounting arrangement as claimed in claim 1 wherein 
the gas turbine engine comprises a core engine and a fan, 
the core engine having a core engine casing, the fan having 
a fan casing, the mounting arrangement comprises a first 
mounting for mounting the fan casing on the aircraft, a 
15 second mounting for mounting the core engine casing on the 
aircraft and a third mounting for mounting the core engine 
casing on the aircraft, the first mounting comprises a 
first hinge, a second hinge and a third hinge, the first 
hinge is arranged parallel to the axis of the gas turbine 
engine to form a roll hinge, the second hinge is arranged 
in a plane perpendicular to the axis of the gas turbine 
engine, the third hinge is arranged in a plane 
perpendicular to the axis of the gas turbine engine, the 
second mounting comprises a fourth hinge adjacent the core 
engine casing and a fifth hinge adjacent the aircraft, the 
fourth hinge is arranged in a plane perpendicular to the 
axis of the gas turbine engine, the fifth hinge is arranged 
in a plane perpendicular to the axis of the gas turbine 
engine, the third mounting comprises at least one thrust 
strut extending from the core engine casing to the aircraft 
and the hinges are elastic hinges. 

7. A mounting arrangement as claimed in claim 1 wherein 
the gas turbine engine comprises a core engine and a fan, 
the core engine having a core engine casing, the fan having 
a fan casing, fan outlet guide vanes and a nacelle, the fan 
outlet guide vanes extending radially between the fan 
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casing and the core engine casing, the „K>unting arrangement 
co„pr.3e3 a nr.. counting .or counting the L casing on 
the aircraft and a second counting for counting the core 
sng casing on .he aircraft, the first hunting comprises 
S he fan casing and the naceXie forming a unified structure 
the second mounting comprises a first hinge adjacent th" 

::::ra;::^":he":7st tin ^ — - - 

f.rst hinge is arranged in a plane 

perpendicular to the axis of ^ho 
in . '^^^ turbine engine, the 

10 second hinge is arranged in a m.r, 

axis nf ^H ^ ^ perpendicular to the 

axxs of the gas turbine engine and ^ho u- 

hinges. ^^"^^^ elastic 

8^ A mounting arrangement as claimed in clai. 5 wherein 
the first mounting is an upstream mounting and the s H 
.5 mounting is a downstream mounting. 

9^ A mounting arrangement as claimed in clai. 5 wherein 
the first mounting is a downstream mounting and the second 
mounting is an upstream mounting 

"whe'rr^he" ^'^^^-^^^ ^ — <^ in claim 8 or claim 
wnerem the upstream mounting is adiar-*.ni- 

aownstream bearing housing. 

casing anT th" ""^^ '"^ — -^i- 

cas.ng and the second hinge is adjacent the aircraft 

12. A mounting arrangement as claimed in any of claims 7 
to 11 wherein the fir-..- . claims 7 

such that in " configured and arranged 

sucn that in operation torsion of i-h. ^ 

the fir^f m„ mounting allows 

the first mounting to act as a vertical hinge. 

iJ. A mounting arrangement a« ^ • 

to 12 Wherein th. " ''"^ °' '^^^i'"^ 5 

arranged sulh that """"""^ configured and 

Of th!Lond differential side bending 

a ver ticaThtgT " ^""^ ^ - " 
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A mounting arrangement as claimed in any of claims 1 
to 13 wherein the gas turbine engine is a turbofan gas 
turbine engine. 

15. A mounting arrangement as claimed in claim 14 wherein 
5 the turbofan gas turbine engine comprises a nacelle 

arranged substantially coaxially with the core engine. 

16. A mounting arrangement as claimed in claim 15 wherein 
an A-frame connects the core engine casing and the nacelle, 
the A-frame and the second mounting are arranged in a 

10 substantially vertical plane containing the engine axis. 

17. A mounting arrangement as claimed in claim 16 wherein 
the A-frame is arranged at an angle such that the radially 
inner end of the A-frame is at a different axial position 
to the radially outer end of the A frame. 

15 18. A mounting arrangement as claimed in any of claims 5 
to 17 wherein the second mounting is arranged at an angle 
such that the radially inner end of the second mounting is 
at a different axial position to the radially outer end of 
the second mounting. 

19. A mounting arrangement as claimed in claim 7 wherein 
the aircraft, the nacelle, the first mounting and the 
second mounting form a unified structure. 

20. A mounting arrangement as claimed in any of claims 2 
to 19 wherein the first mounting and the second mounting 
are mounted on a pylon of the aircraft. 

21. A mounting arrangement as claimed in claim 20 wherein 
the pylon extends from a wing of the aircraft or extends 
from a fuselage of the aircraft. 

22. A mounting arrangement as claimed in claim 5 wherein 
the third hinge and the fourth hinge are parallel. 

23. A mounting arrangement as claimed in claim 6 wherein 
the fourth hinge and the fifth hinge are parallel. 

24. A mounting arrangement as claimed in claim 7 wherein 
the first hinge and the second hinge are parallel. 

25. A mounting arrangement as claimed in claim 6 wherein 
the second hinge and the third hinge are parallel. 
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mounting arrangement for a n^^ ^- 

^.,ures 1. a. 3 and . Of the accompanying d.awin,.. 
A mounting arrangement for a aa^ u- 

3...an. a. H...„...o« J j"..r:r.j:r 

^^5ure. 1. 3. . anc 5 of the accompanying drawings. 

sub^tantrrrr""' ^ ^as turbine engine 

flour r . " """'""^^"^ ^""ibed With reference to 
figures 1, 4 and 6 of the accompanying drawings. 
29^ A mounting arrangement for a gas turbine engine 
ubstantiaily as hereinbefore described „ith reference o 
fxgures . and 7 of the accompanying drawings. 
30 A mounting arrangement for a gas turbine engine 
substantiaiiy as hereinbefore described with reference o 
figures 4. 8 and 9 of the accompanying drawings. 
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